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WC I)rmcnt  sillglc  dish  a]ld i]ltc]fclolllct]ic  s])(’ctral lillc ol~scriwtiolls  of CCS

at ’22 Gllz towards the core  of 11335,  a classical example of a you IIg protostcllar

rcgio]l. WC c.o]nbincd  the VI,A  a.]]cl I)SN  7 0 - I n  c}bscnwations to ]JIc)duce  l]igh

rmolutiol]  (6” and 1 2“) dla]kncl  lnaps  at 0.04 kIII s- 1 vrlocity  i]~tewals.  ‘J’hcsc

lnaps  i]nagc f o r  tlIe first  Li]]lc  the c.ollapsil]g cnl~[:lo])c  arouTI(l  t,}lc ])rotostar.

‘J’hcse  snow that CCS  emiss ion  a r i se s  prill]ari]y  frOIII  t}ie outer ])arts  of tl)c

col lapsing cl]vclope  down to half tllc infall  radius  and that (~(;S is clumpy

throughout  the core. I,VG cxcitatio]l  aIlalysis  indicates  that  X(CCS) is w

3 x  1 0-9 in tllc outer e]lvelope  ancl < 5 x 1 0- 1* in the ce]ltcr or tllc infal] reg;io]].

‘1’lIc a,bscIlcc o f  C C S  iIl tllc illtmior  coulcl  be duc to tin]e dcl)crldent  chmnical

cwolution. ‘J1hc vdocity  structure supports the cvidc]lcc  for iIlsid<:-out  collapse

and tl]e  l]igh velocity features arc consistent wit]] accrctio]l  oIIto a rotating

cclltra] clisk. ‘J’hc a.symlnctric  cluInl)y  distribution of C(;S c]nissio]] iInplics  that

tile pl~ysiczd  conditions am ]Iot spherically sym]nt:tric.,  and that tl~c gas falling

o]lto  tile circumstd]ar  disk Inay  be cpisoclic.

Svhjcct  hmdings:  ])rotostar  formation - molecular clou{] cores -

Illolcculcs
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1. lntroductioll

Knowledge of tlIc  clcnsity,  velocity aIId chcmica]  profiles around protostars  is

of fuIida]ncmtal  importance for tcsti]lg  dynamical mc)(lels  of ]Jrc)tostar  cwolutio Il and

undcrstanciing  tl~c nature of the Inateria]  falli]lg  onto circumstellar  diSli  S. 11335 is onr of tl]e

best studied classical mam])lm of a young, low mass stellar object with a bipolar outflow

(Frcrking & l,angcr 1982) and  infa]l (Zhou  et a l . 1 993).  In this lxitm wc report  tllc first

clircct  imaging of the infall  by combining sing]c clish anti intcrfcroll  letric obs.srvatio]ls.  WC

prcsm]t CCS  observations and narrow velocity channel (0,04 kIn s’- ‘ ) ]naps  of the core  and

the infalling  envelope. CCS  is an idea] probe for SUC1l stuclies  bemuse it is comparable to CS

in requiri:lg  relatively high density (W 10’1 - 10s CIrI-3) to excite,  hm a]] intrinsically narrow

line wic]th (0.09 km s-l at 10 ]<), but un]ike  t~le cyanopolyy]lesj  has 110 hyper%nc  str’ucturc.

lt is thus well suited for resolving kinematical details. We co]nbincd  NASA Go]clstonc  70-m

single dish and VI,A intcwfcromctr-ic  observations of C(;  S to resolve the small scale structure

surrounding the central object. ‘1’his  approach is extremely ])owcrful  hccause  it can proviclc

direct images at cliflcrwnt  velocities to bring out tllc (Iynamica]  structure of both large and

small scale features.

Chandrasekhar  (1 939) showccl  that an isothermal cloud wl]ich is ill equilibrium between

thermal pressure and self-$;ravity will have a dmsi ty struct urc of [ltc form r- 2 . SIIU (1977)

found that the fluid equations also allowccl  a IIol]-static so]utio]], ill which the gas colla])scx

oIlto  the center with an infal] velocity which is pro])oI tional to r-(’s, resulting in a density

structure pro]) ortiollal  to r-lo5 ill the region of collal)sc. 1 ]oth the infall  velocity and the

density scale as the square root of ihc mass of the ( c]ltral core, w’]lich  grows linearly

with time. ‘l’he infall  region  is thcmforc clcscribed  e]ltircly by its age,  or equivalently its

c.orc Inass, or the raclius  of the outer cd.gy of the iIlfall regic)n (a~c x sound speecl),  ‘1’his

silnplc  Inodcl  was surprisirlgly  cffcctivc in describing the CS c]nissio]) a]]d 112C0 absorption
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obse rva t ions  in the cmltral  regiol] of 11335 (ZIIou ct al. ] 993). ‘1’J]csc ]illcs c.ollsist  of a

b lue  peak  at 8,1 lull S-l and a slnallcr  red peak at 8,5 km s-”  1. A hlol~te Carlo r a d i a t i v e

transfer lnodcl  of inside-out collapse fits even better (Choi  et al. 1 995). ‘J’he outer  radius

of the il~-fall  region js 0,030 pc (25”) and the lnass  of the ccl]tral  core  is 0.4 hlo.  ‘1’lle age

of the il]fall is 1 ,5X 105 yr al]d the accretion rate is 2.S X 10-’6 MG yr- 1. Zhou  et al. (1 993)

conc]udc that  1~335 is a true protostar,  i.e. it dmivcs  i[s ]uminosit~’  only  from tile c.ollvcmion

of gravitatjollal  el)crgy.

‘J’llc overall Inorpho]ogy  of the 11335 region is clescribcd  by l’rerking,  l,anger  & Wilson

(19S7).  ‘J)hc  size and velocity of tllc  bipolar outflow i]np]y  al] a~;e of about 1-4 x 105 yr.

h40riarty-Schicwcl~  and SIIell  (1989),  using a mca~l outilo~v  velocity corrcxtcd  for inclinatio]l,

favor the lower time cxtimatc. It should be I)otcd  that the ~Jrcs(IIcc  of a bil~o]ar outf low

does not conflict with the. collapse lnocle], since the outflow occupies only 13 percexlt  of the

solid angle (Zhou  ct al. 1993).

‘1’hc central regiol~ was detected in the in frarccl by Kcxn)e ct al. (1 983),  and consists

of a cold (15 K) colnpact  (<30”) core of far-l]{ emissio]l  with all CVCII slnallcrl  warmer

(>25 K) cx:,,tm. Chandler  and Sarge*~t (1 993) partja]ly resolved tllc  o],aque core  in 2.7 ,nm

c.ontinuuln  emission, which they founcl to be about 1000 AU IOrIg) olimlted along a positioll

angle of 20° cast of north,  but lCSS  than 500 AIJ pcrpellclicu]ar  to illat axis, with a mass of

0.2 M@). Velocity-integrated ‘3C()  cmlissio~l  js celltcrcd on this object and cxtcmds  along  a

position allglc  of 120°. ‘] ’heir eviclence  for bipolar outflow  01] this sca]c  is casi]y  recognize]

~vl]cul colnparcd t o  l a r g e r  s c a l e  lnaps,  sue,])  as tllosc  of IIirano et al (1 992).  ‘1’hcy coIlcludc  ‘

that the lnolccular  outflow cm] be tracecl  to within ’250 AU of thc source.

1 < .-’)<f.,? //” “) ‘:’><(1
2. O b s e r v a t i o n s
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We ]nadc single  c{ish maps of }1335 in the 22 G] IZ CCS JN, = 21-10 tra~lsitioll  wit]] lligl)

sigllal-to-lloisc, Nyquist  salnplil]g; cwery 24” over  a 4’ X 4’ region arou]ld  the ]Jositioll of tl~c

CS J=5-4  peak (Zhou et  al . 1993) at RA(1950)  =19“34’’’35’.25 aild  1)1’;C(l 950) =.7 °27’30”.

F’or the CCS  tra,llsition  we u s c  2 2 3 4 4  .o33 Nfllz, (Yal]]a]noto ct al. 1990; l’ickctt,  ]’oylltcr

& Cohcv] 1991). ‘1’llc o b s e r v a t i o n s  wmc  made  bct~vc~:rl  1993 hlaj’  and 1991 Ju]]c,  u s i n g

NASA’s IISN 70 m-alltel)lla  at Goldstollc,  California, for about 100 hours total illtcgra.tioll.

At 22 GIlz, t,hc aperture  cfficicvlcy  was about 40 pcmcnt,  tllc alltc]l]la  111’IIW is 45”. ‘1’i]c

pointing accuracy was ]ilnitecl  by a cyclic hour angle error }vitll  all alll])lituclc  of 5.5” and

a period  of 1.4° (5.6 rein) which results ill a slight  s]]lcaring  of tl)c Lca]n  to at ~nost  50”.

‘1’hc  pointil]g  was chcckcd observing  the radio source l)lt 21. ‘J’hc rcmivcr consisted of a

lnascr  prc-alnplifim  followccl by a digita]l y-con trollccl  1 lewlctt-  l’ackard Clown  -collvertcr  With

a synt]lcsizcd  local  oscil]a,tor  lockec{ to t]lc  station ~Jyd rogeIl ]nascy frcqucllcy  standard,  ‘J’]lc

systcvn  has a l]oisc tcmlpcrature of 50 K lncasurcd  at LIIC zmtitll.  Wrc used tllc t!vo lnillioll

(22’) channe] Wide Band Spectru~n  Al~alyzer  (Quirk et al. 1988)  witl,  a spectral resolution

of 19 IIz over 40 M1-]z.  ‘J’he resolution was reduced by co-acldillg  32 adjacent channels to

provide 8192 channc]s  of 610 Ilz (0.008 km S-l) rcsolutiol]. ‘J’llc  spectra were otmxvcd  ill

position switching mode and were 1 )opplcr  cormctml tc) all accuracy  of about 0.004 kIn s-l.

‘J’he V],A  CCS  spectral Iinc lnaps  at 22 GIlz were IIlaclc ill 1)-cx)llfiguration  on 1995 F’eh

22-23 allcl h4arc.h 2 for 18 hours total intcgratioll,  with velocity rcm]utic]ll  ~ 0.041 kI1l  s-l.

])ata,  were takc~l  usillg  256 cllalll~cls  and 0.78 hlllz  Lanclwiclt,  h, without  IIanning  smootliing.

‘1’llc source 1{147-}  079 (flux dcmsity  0.474 Jy at 22,3 G IIz) was used for amplitude and

phase calibra.tioll. 3C48  was USCC1  as the prinlary  calibrator for flux density and passbanci

calibration.

f-),, (’ ,> //
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l“igurc  1 shows the spectruln  of the 22 Gllz CCS transition olmm’cd with all cffectivc

bc’al]l  Celltclc!d  011 tllc! 1 1{. source. ‘1’lIc bcanl  is colnparable to the infall  r eg ion .  ‘1’llc

has a width IIcar  tllc base: R0,5 km s-] allcl consists of two ]waks  separated by

approximatc]y  0.2 km s-’, This line is in all rcs]xcts ~larrower  tllall  the CS and IIzCO lil~cs

obscrwcd  by Yjllou ct al (1!393).  ‘] ’his imp l i e s  that  the (~CS cltlissioll  colncs  from the outer

envelope as discussed in Inorc detail  below.

‘1’he mean velocity, which also corresponds to the velocity of IjlJC central minimuln, is

8.383+0.005  kln  S-” l , is slightly different from tllc 8.35 km s- 1 valllc  assulilcd  Ly Y,hou ct

al. (1!393),  llcrc wc will take S,3S ktn  s- 1 to bc tl[c  rest velocity of 11335, as suggested by

tllc cm Spcctllml. l’igurc 1 a]so S]IOWS  the 22 ~]]z V1,A spectrum at the central position

obtained from the chal]nc]  Ina,ps smoothed to a resolution of 1 5“ which corresponds to

about  onc third the size of the infall  region. ‘1’IIc VI,A  spectl  Um SIIOWS  two  d i s t inc t  peaks  ‘

with a velocity separation of 0.43 km s- 1. ‘J’hese features can only be seen weakly, if at all,

in the wings of the single  dish spcc.trwm  because of beam dilution. ‘J’hc minimum in the

VI,A spcctru]n  near S.4 kln s-1 is not an absorl)tion  feature. Rather it results from the

a/Mc7icc  of CCS  at low velocities IIcar  the center of all extended clnission  region which is

resolved out by the V]/A.

As the 70-111 antmlna beam is comparable to the size of the infa]l  region, we used the

VI,A  data to study tllc structure at smaller scales. ‘J’llc  sllortcst  sl)acillg  in the VI,A  w a s

about 2500 A and hellcc, in the VI, A maps structures on the scale of 30” and larger are

missing. ‘J’hc 70-111  maps contain all spatial frec]ue]lcics  up to about 4000 A. In Figure 2

(}’l(~i.c)  wc show an example of a channel map at VI,SJ:  == S.4 kl-ll  S-] obtained w i t h  t h e

l)SN 70-m and the VI,A. ‘1’hc negative feature at the c.t:ntcr  of the V1,A map (which is also

SCCII in the VJ, A spcctruln  in l“igurc  1 at this vc]ocity)  is actually all absence of emission (a

hole) in the middle of an cxtcmdcd  (W 60”) brightness distribution. ‘J’l~is extended emission

cannot be clctcctcd  in tllc VI,A map bccausc  of the missing short spacings in the VI, A data.
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‘J’o o v e r c o m e  t h i s  lililitation  wc lIave cm]nbincd  the ‘/0-m and VIA data to procluce  h i g h

fldclity inlagm  such as shmwl  ill l’igum 2c. ~’lle 70-111 maps were ]i)adc  i]] the exact chaILncl

frcqucllcies  and wicltlls to matc}l  the VI,A chan!lels. The visil)ilil ies derived froln  the sillglc

d i s h  Inaps were  added  tc) the VI ,A visibi]ities to ]Jroducc  tllc lnal,s SIIOWII i]) }’jgurc 3. (’J’]Ic

details will bc discussed ill a subsequerlt  papa-. ) ‘1’11(:  colnbillcxl ll~aps were  smoothed to a

] 9 “  x ]~” Lealn to jlnprov(! t i l e  sifylal-to-lloise. !l’hc velocity s])acing; of tllc maps in F’igurc

3 is slightly ]CISS  than L1lC Nyquist  spacing; bec:Luse  tlIc  vc]ocity  resolution is lilnjted  by tllc

thermal line width which a,n~oullts  to 0.10 k:n s- 1 fox CCS  at 12 K. IT) cacll  map, the circle

shows the radius (25”)  of the i]lfall region derived by Choi  et al. (1 995). ‘1’he diagonal

Iinc inside tile circle shows the orientation of the central disk seen at 2,7 Inn] (Challdler &

Sargmit).  Outsidc  the circle the CO bipolar outflow is outli]d  as ill Zl)ou ct al.

At the rCSt veIocity of 8.38 1<]1) S-’ , a n c l  i~i the a(ljaccnt lna])s,  the CCS  cmissioll region

is about 2’ NS by 1.5’ ltW. WC will refer to the chanllcl  maps by tlieir l)oppler  shift relative

to the source rest velocity of 8.38 km S-l. The most strikix]g feature ill l’igure  3 is the

minimum i~l the brightness distribution near tllc ccntcr of the illfall region which is cvidcvlt

f r o m  ‘().()Li  to +0.0S k]n  S- ], As seen  in Figure 2 this feature is too s]nall  to be rcsolvccl

with the 70-m antcl~lla  wl]ilc  tl~e surrounding en~issioll  is rcsolvecl out in the VI,A data and

only the combillccl  ~nap brings out the true structure.

1]] Figure 3 the brigl]tcst  anissiox~ is seen  at + 0.2] li]n s- 1 (VI,$I{ZT-8.6  kI]i S- ]  ).  ‘J’llc

elllission  at this velocity Ilas suflicicnt brightness to enable us to usc a IIighcr  resolution of

6)’. 111 this highest resolution Ins]) (1’igure  4) two plonlincnt  fcatm es are seen, OIIC within

the infal] circle and the sec.one] just outside in tile NW. ‘i’he elnissioll  within the infa]] circ]e

is clongatecl  in the SW to NE direction. Intercsting]y  at red sl)ifts of -}O.17 km s-] ancl

0.21 km s-l one of the bright  spots is located near the NE edge of t hc central continuum

disk. ‘1’here is also an clnissioll  peak, albeit weaker, at a blue shift  of -0.12 kIn s-l displaced

towards the SW along the orientation of the disk (Figure 3). ‘1’hcsr  arc consistent with
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infalling  II)atcrial Collvmging  onto the periphery of the central disk. Such a velocity field is

indicative of rotation about an axis poil]ting  tc) the east. ‘i’his result is collsistelit  with the

sense of rotation  ill fcrred by 7,1]ou (1 995) from the val iation of C;S IiIle shapes illside  the

infall  region.

Finally, the CCS  emission is clumpy. ‘J’hele  are a number of clllission  peaks just at or

outsiclc  of the boundary of the illfall region. ‘J’hey arc comparal:)le  i~l size to, or s l ight ly

larger than, the 12“ resolution limit of the map. Some have peculiar velocities with respect

to the illfall cmlter,  Notable are those,  seen  to the south in the -().0S and -0.04 km s-l

maps,  and tllc prominent clump  at the infall  circle to the northwest at -+0.17 to +0.25 km

s--] , ‘J’his  distribution suggests that the core  of 11335 has the sa]nc  kind of subsonic, clumpy

strut.tum seen in “J’hIC-l  COIC  11 (I,angm  et al 1995). h[ost  of the OIICS which are not at the

boundary of the infa]l  region appear to avoid the CO outflow  rcg;iorl mapped by lIirano  et

al (1!392).

4 . Di scuss ion

Overall, our CCS  data provicle  good support for tile inside-out collapse model in B335.

Colnparcd to the profiles  of CS ancl IIQCO, the narrower sc])aratioll  of the maxima of

the central CCS profile implies all absence of CCS  in the cclltral rcgicJ1l  where the infall

velocities are hig]lcst. ‘J’he model of Choi et al. (F’igure 5) snows  that< gas with a radial

velocity of +0.1 km s-l with respect to the cel]tral  velocity is at a distance of N 0.020 pc

(18”) froln  t]lc  center along the line of sight, w}lcreas  +0.2 km s-] gas is at N 0.015 pc

(12”), In the VI,A spectrum and channel maps (k’igurcs  1 & 3) the }Iigllcst  infall  velocity of

CCS  is only N +0.2 km s- 1. As seen from Figure 5 this suggcst,s that CCS is present only {

in the outer envelope down to half the infa]] rac]ius. I’lle  channel nlaps  confirm the general

absence of CCS inside the core at low relative l,SR velocities,



CCS  requires relatively high  clcnsity  to cxcitc  (I,angcr ct al 1 995) al)d,  since  the density

is lligllcr  towards the ccmtcr, the absence  of elnissioll  in tile Cm]tor ]nust be clue to a lack of

CCS. Note that tl]c  reason for tile ccntra] hole ill C(;S is diffelel~t froln  tlie OIIC proposcxl

for tile I101c ill the 112C0 absorption  map by Zhou  ct al (1 990). ‘1’his  hole represents  a

region IIear  tile  cclltcr of the com where the IJ2C0 al~sorptiort  at 6 CIJ1 is suppressed by the

higher  clensitics  tllcre. W C can estimate the fractional abundallcr  of CCS,  X( CCS), usillg

an IIVG cxcitatiol~  Inodel  a]lcl recent quantum calculations for the c.ollisioll rate coefficients

(Wolkovitch  ct al. 1995). WC have high resolution ol)scrvatiolls  for o]lly the onc J=21-10

transition at 22 G] IZ and so adopt the dcxlsity and tcl npcraturc  profiles for the infall  region

froln Choi ct al. (1995). Furthcmnorc,  the excitation analysis indicates that the 22 G1lz line

is not optically thick (-r < 1 ), similar to the results clcrivecl  for ‘1’LIC 1 using  IIl[llti-trallsitio])

ana lys i s  (1.,allger  ct al. 1995). ‘J’llc 22 Gllz CCS  brightness  (’J’6 A 1.5-3 K) for the infa]l

el~vclope i]] the, VI,A maps yields a X(CCS)  N 3 x 10- 9 for tlcl]sitics  N a fcw x 10” cm-3 . ‘

‘1’he lilnits  OIJ ‘1’~ (< 0.5 K) for CCS  emission in tl~e V1,A maps wld  tllc  fact the clcnsity  is

higher by one to two orders of Inagnitucle close to the infall  center (“llolc”  ) place all upper

limit there of 5 x 10 -” ]1 for X( CCS). Clearly t}lere is a void ill CCS abundance inside tile

infa]l  region and }]CIICC the velocity structure of CC)S traces tlie kil]elrlatics  of tile  envelope

of the infall  region.

‘J’hf2 lack of CCS  cxnission ill tllc iI1ncr 10” cannot be duc to tile  absence of gas and dust

at the ccv]ter, as continuuln  lll~aSUIRHRlltS and lnocle]s of the IIzC()  and CS line  profiles

inc{icatc that the average density incrcascs  towards the center. IIlstead,  we believe, that

the explanation lies in the chemical properties of CCS. A lack  of CCS  could  either be clue

to dcplctio]l  at the higher densities found in the central region  or to CCS being a tracer of

early tilnc cllcmistry.  ‘1’here is cviclcncc  in }11, lau for depletion of (;S during the cvolutioll

froln the ])rotostcllar  core to a. clcnse clisk  (Illake, van l)ishocck  & Sargent 1992). I]owmwr,

the disk of 111, ‘] ’au is of consideral.)]y  ]ligher  clellsity  than the ccntra] 10“ of 13335.  The
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major problan  with the dcplctiol)  lnoclcl in the case of CCS  in 11335 is that CS and 112C()

should deplete  to  a silnilar  clcgrcc (Bcrgin,  l,aI~gcr & Goldsnlith  1995) and yet the line

forlnatioll  models  of  Zhou  CL al, inclicate  that these  are present  throug]lout  the insiclc-out

I collapse region. It would  appear that  the best e x p l a n a t i o n  lies ill tllc e.volutiona.ry  modc]s

of molecules in collapsing cc)res (cf. Iiawlings  et al. 1992 wlio Inode]  the evolution of a

number  of molecules, but not CCS). It seems likely, that CCS is charac.tcristic  of early time

I (t s 1 05 yr) cllcrnistry  (hfillar & IIerbst  1990, Suzuki  ct al. 1992, IIirahara et  al .  1992).  III

I this case CCS is procluced  rcxently, in the dense gas being forlnecl as a result of the collapse

I of the core, and clcstroyecl in the oldest and dmlsest  material wl)ich is in the central region.

I IIcmcc, on average CCS  is more prominent in the cxtm  ior, less cxolvecl  regions than other

molecules which” have ]ongcr  survival times. The rate of chemical evolution clcpcncls  on the

physical collclitiolls  of the gas, to which CCS is more sensitive tharl  other molecules. ‘1’he

clumpy structure of CCS, wl~ich  is also evident in the ‘1’MC-1  core 1) (Langer  et al. 1995),

is thus attributed to variations in these conditions in t]le  core of ]3335.

in sununary,  the transient nature of CCS enabled us to obsm ~c phenomena which

woulcI bc hidden  by more wiclcspreacl  tracers. We foullcl  frolrl CCS illterferometric  and

single dish observations of 11335 that CCS is largely al)scnt  ill the central 10“, allcl that

CCS  appears to occur primarily in the region  just outside the infal]ing;  cvlvelopeo  ‘1’he CCS

clistribution  is clulnpy,  rather t])an  smoothly varying, both in the il]fa]ling  envelope and the

surrounding cloud, “1’he location and velocity of clumps seen near tl)c ccntcr of the core are

consistcxlt  with a rotation axis pointing to the east. Ov(:rall,  tllc  CCS elnission  supports the

infall  moclcl of Sllu ct al, and the previous obscrvatio]ls  of ZIIOU and co-workers. IIecause

our CCS observations show that the infalling lnaterial  is clumpy rather than smoothly

varying, the irlfa]]  onto the circurnste]]ar  disk nlay be cpisoclic. ‘1’hc conscc]uencm  of such

an infa]l  moclcl have yet to bc explorccl  in terms of the evolutionary history of the clisli.
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Fig. 1.- ‘1’he 22 GIIz CCS spectra observed with the DSN 70-m al)telllla  and the VI,A

(from channel maps smoothed to 15” resolution) at the central position of 11335. The velocity

resolution is 0.00S km s–l and 0.04 km s-l respectively, for the lISN’ and V1,A spectra. ‘1’hc

negative intensi ty near  VL,sIt = 8.4 km s-l in the VIA spectrum is the result of missing

short-spacings (see text).

Fig. 2.— Channel maps of 22 GHz CCS  emission of the B335 core at VI,sF{ = 8.3 km S-* ancl

channel width 0,04 km s-l observed with (a) DSN ‘/O-in, (b) VI,  A- 1) configuration, and (c)

obtained by colnbining  the 70-nl and VI, A data. The angular resolution in the VI,A maps

is 12”, The beam sizes are indicated by the circle in the lower rig,ht  coma of the maps.

The contour intervals are 0.09,  0.26 ancl 0.35 K in ‘I’b respectively for tllc  70-m, V1,A ailcl

combinecl  maps. ‘1’he circle near the center of the maj)s  replcsc]lts  the infall  region of the

protstcllar collapse. Note that prior to combi]ling  with the VI,A data the 70-nl map \vas

attenuated by the VI,A primary beam (2’) and L}le VI,A and combined maps shown here arc

not corrected for primary beam.

Fig. 3.-– Channel maps of 22 GIIz CCS emissiorl  maclc by cc)mbi]lillg  the Golclstone  and

VI,A data. The velocity of each c]lannel  is labeled wit]] respect to tllc  rest velocity, Vr,SR =

8.38 km S-l. ‘J’he velocity width of the channels is 0.0409 km S-l. ‘J’lle  spatial resolution in

the maps is 12“x12“. ‘1’he lowest contour level and contour  interval are 20 mJy beam-l (0.35

I{ in ‘]’b); the rms noise in the real)  is 13 mJy beam-l. ‘J’he infall  rep;ion and the orientation

of the disk are markecl  by the central circle ancl line reslmctivcly. ‘1’hc outflow lobes rnappccl

in 12C0  by lIirano  et al. (1992) are shown by solid (blue shifted) a]]d clashed (red shiftccl)

lines.

Fig. 4---- Iligh resolution (6”) single channel Inap of 10,21  km s“- 1 emission. ‘J’he lowest

contour level  and contour interval are 12 mJy l.)cam- 1 (0.84 ]< in ‘] ’b); the rms noise in the

map is 9 nlJy  beam ‘ 1, Other details are the same as for F’igurc 2.
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Fig. 5---- Contours of equal line-of-sight velocity of t}le  infal],  projected on a plane which

contains both the source ancl the observer. The ]noclel  ]Jaranleters  aIe taken from Choi et al

(1995). ‘1’hc velocity spectrum  of the CCS emission at any  ofl’set position from tl~c center is

cleterrninccl  by the relative ccmtribution  of the Vz contours integrated along the line of sight.
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